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Phyiobm^utinm binds to the 20-kDa molecule of the T3 complex 851 

Phytohemagglutinin binds to the 20-kDa molecule of the 
T3 complex* 

Cuirent findings have suggested that the T3 molecular complex is aa essential anti- 
genic signal transducer during T cell actiyaticm. Lectms, sncfa as phytobemagglptinln 
jPHA), activate T cel l s nonspedficallv . ConcesivaWy, lectins may mediate tneix 
slunulaiorj^ action by affecting the complex. In the present investigation we have 
studied the invoJvBment of the T3 molecular complex in the PHA-mediated activation 
of T cells. We selectively modulated the surface expression of T3 molecules by anti-T3 
antibody and snbsequently tested the ability of the modulated ceQs to respond to 
PHA. Reduction of T3 expression by 70% resulted in 80% inhibition of the PHA 
Tc^nse* This effect was specific for T3 since modulation of other T cell surface 
molecules T8} did not a£6ect the ?FA-induced mitogenesis. To deterni&ie if 
PHA could interact directly with the T3 complex, immunoblotting (Western' blot) 
analyses of anti-T3 immunoprodpitates were performed. A 20-kDa Ttiember of the T3 
cc»np!ex reacted not only with the anti-T3 antibody, but also with PHA itself. These 
results provide the first evidence lor direct bindmg of PHA to one of the mplecules of 
the T3 complex. The combined data suggest tha t a major pathway of PHA-induced T 
cell activation involves the T3 complex. Possible activation mecnanisms are discussed. 



I Introduction 

Recent work has focused attention on the T3 complex as the 
probable transducer of antigenic signals m T cell acdvation 
[1-3]. This complex is found on ahnost all T oelb and has been 
associated with many T cell functions (reviewed in {!]). Hie T3 
oon^Iex consists of 3 transmembrane polypeptides^ two of 
vfbdfAi are N-glycosylated and one of which is believed to be 
unglycosylated [4-10]. The T3 complex is variabiy associated 
with the antigen recognition heterodimer, which may associate 
with the T3 complex both in co-capping [11] and in immuno- 
precft)xtation cixpejiznents (10, 12]. Several monoclonal anti- 
bodies (mAb) with mitogenic activity are known to bind to at 
least one of the members of the complex, most likely to the 20- 
kDa polypeptide that has both mannose and galactose residues 
[4, 10], As galactose residues are the targets specified by ^ e 
^ gagt mkoegn pbytohemagglutinin fPHA) 1131 . it seemed pos- 
able &at PHA could interact with the 20-kDa molecule. 
Recem reports have indeed indicated that tlie presence of the 
T3 complex is required for T cell response to mitogens 
(14-16). Direct evidence of physical interaction of PHA with 
the molecules of the T3 complex is required for T cell response 
to mitogens [14-16]. Direct evidence of physical interacdon of 
PHA with the molecules of the 73 complex, however, was still 
lacking. In the present report we investigated this question by 
immunoblot analysis of the molecules predpitated by anti-T3 
antibodies. Hie results of these studies demonstrated that the 
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anti-TS-reactive 20-kDa protein can interact with FHA and 
reiterate tiie required presence of the T3 comple^t'formitpgen» 
induced cell activation. 



2 Materials and methods 
2.1 CeU Unas 

The human malignant T lymphoblastoid cells' HPB [17] and 
Molt-3 [18] and several Epstein-Barr virus-transformed B cell 
Unes were maintained in logarithmic growth in RPMI 1640 
supplemented wth 100 U/ml penicillin, 100 pigfeil streptomy- 
cin, 2 mM L*glutamine and 5% fetal bovine serum. 

2«2 Reagents 

The mouse monocJonal antibodies (mAb) 64.1 (New England 
Nuclear, Cambridge, MA), and OKT3. OKT4 and OKT5 
(Ortho Riarmaceutical Corp., Raritan, NJ) were used for 
xnmitmofhiQrescence, functional studies and imnrnnoprectprta- 
tion. ffighly purified PHA-L was ohtained from E, Y. Labs 
(San Mateo, CA). This reagent shovra a ^Ic band on elec- 
trop^oresist has mitogemc activity for lymphocyte, but no 
ag^tinating activity with erythrocytes (E. Y. Labs technical 
bulletin), Phorbol myristate acetate (PMA, Sigma Chemical 
Co., St. Louis, MO) was tnade as a stock solution in ethyl 
alcohol and stored at -20 °C until use. 



2.3 ^neparatlfm of purified T cells 

Peripheral blood mononuclear cells were obtained from 
heparinized blood by Hcoll-Hypaque (Pharmada, Uppsala, 
Sweden) gradient centrifugation [19]. T cells wefe prepared by 
two cycles of rosetting with neuraminidase-treoted sheep red 
cells [20]. The erythrocytes were removed by hypotonic lysis in 
Tris-ammonxum chloride and contaminating monocytes 
removed by two cycles of iron carbonyl treatment (21]. The 
resulting cells stained >99% with mAb Leu-5 that recognizes 
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the sheep ted blood cell receptor (Becton Dickinson* Sunny* 
vale, CA) [22]. These preparations were less than 1% esterase 
positive [23] and displayed no proliferative response when cul- 
tnrcd with the mitogenic antibody 64.1 alone. 



2.4 ModulatSon of sur&oe molecules 

Pnrified T cells at 4x 10*/ml were incubated to 1 h at 4X1 
with mAb 64.1 or OKT? (10Q ng/ml) or a xnixtore of mAb 
0KT4 and OKI8 (total concentration 100 ng/ml) or medinm. 
After washing, a goat anti*moii5e IgG antibody (1 : 10) was 
added and incubation continued for an addtional hour at 4 °C. 
The cells were washed and incubated overnight at 37 *C in 
X^FMI1640 supplemented as above, with 5% autologous 
plasma substituthig for fetal bovine serum. The cycle of anti- 
body Incubations was repeated with a 4-h incubation at 37 ^C. 
A portion of the cells was subjected to immunofluorescence 
analysis while the remaining cells were activated with PHA 
(see below). 



2.5 bnonmofhiorescence analysis 

To assess residual T3 molecules after modulation, the cells 
were stained directly with fluoxescein-conjugated OKT3 
{1 : 100) or indirectly with 0KT3 (1 : 100) foflowed by fluores- 
cdnated goat anti-mouse IgG (1/10). Both techniques gave 
ccHnparable results. Specificity controls modulated by OKT4 
and 0KT8 were stained virith OKT4 (1/ 100) and fluorescein- 
[labeled goat anti-mouse IgO. The above staining procedure 
I has been previously described {24}, Cytofluorographic analysis 
was peiftmned with a fluorescence-activated cell swter (FACS 
n; Becton Dickuison Electronic Laboratories, Moontohi 
View, CA) [25], Both percent fluorescent cells and the mean 
fluorescence intensity of the positive cells were determined 
after counting 10000 cells per sample. 



2.6 ProJtferathu) assays 

Samples of modulated T cells or controls were incubated in 
serum-free medium containing 2% PFIA with 50 ng/ml PMA 
for 15 min at 37'C, followed by 45 min at room tempCTatuic. 
After w^hing, 2 x lO^.viable cells were incubated for 3 days at 
37''C in tripHcate microliter tray weOs (Costar, Cambridge, 
MA; #3596) in medium supplemented vtrfth 2% autologous 
plasma and 50 ngM PMA. Proliferation was assessed follow- 
ing a 4-h pulse with pH]thymidhie (1 ttCi/well = 37 kBq/well). 
Kesnhs are expressed as average counts per minute (cpm). 



2.7 Immmteinrec^itatian 

Cell lysates were prepared using 1% Nomdet-P40 in 0.4% 
sodium dodecyl sulfate and 1 mM phenybnethylsulfonyl 
jQuoride. After centrifugation at 10000 xg for 5 min, the 
lysates were depleted of nonspecific binding components by 
incubation with fbrmahn-fixed Staphylococcus aureus. Cowan 
strah I (SAC). The bacterial cells were removed at 10000 x g 
(2 min) and the snpematants were incubated with: (a) a mix- 
ture (1 : 1) of 64.1 and 0KT3 at final dilutions of 1 : 10, or (b) a 
mixture (1:1) of OKT4 and OKT8, both at a final concentra- 
tion of 1 : 10. The combination of the two anti-T3-reactive 
antibodies was used to increase the cffidency of precipitation, 



as they do not cross-block each other's Mndmg in Immuno- 
fluorescence assays (C. TsouJcas, unpublished). After a 4-h 
incubation at room temperature, a W!> suspension of SAC 
was added and the mixtures were incubated overnight at 4'^C 
with mixing. Following incnbation, the bacteria were oen- 
trlfuged (10(K}0x g; 1 min) and washed three times m pbos- 
phate-bi^ered saHne. Complexes were then ehited from the 
bacteria by boihng 5 min in electrophoresis san^le buffer pr^ 
pared as described by Laemmll [26]. 



2.8 Gel dectrophoresls and tummiobhtting anal|ysis 

Eluates were cleared by centrifugation (10000 x g) and eleo- 
trophoresed in a 10% polyacrylamide^sodmm dodecy/' sulfate 
slab gel (10 cm length) u^ a 5% loading gel, as described 
f26]. Gels were electroblotted onto nitroceSuldse (NC) paper. 
The NC paper was cut in sections for incobatton with either 
mAb 64.1 (1:200), or with peraxidase-Iabeled^A. Straps 
incubated with the mouse mAb 64.1 (1 h) were quenched by 
oven^ght incubation with 1 : 100 normal human serum in 2% 
powdered millc phosphate-buffered saline (PBS), washed and 
then incubated vnth a peroxidase-Iabekd goat anii-mouse IgG 
(1 : 20), 1 h). Qucnchhig of the strips deslgnateii for PHA was 
performed using 5% bovine serum albumin (BSA) ovemi^t. 
These strips were then incubated with a 1 /ISO dilution of 
peroxidase-Iabeled PHA for IK h and washed for 1 h with 
several changes of 5% BSA. Both sets of strips were washed 
two times (10 min each) in PBS and the color was developed. 



3 Results and dkcussion 

Treatment with anti-T3 mAb caused a selective reduction of 
13 mo]ecule(s) on tiie surface of purified peripheral T cells 
and a jiwaHel decrease in PHA responsiveness. Table 1 dis- 
plays representative data from one of three replicate experi- 
ments. Modulation by mAb 64,1 resulted m 67% reduction in 
cells and a 25% reduction fluorescence intensity 
(Table 1). TTiese modulated cells displayed a 79% inhibhion 
of PHA-induced prolifCTation (Table 1). This jAenomenon 
was specific for the anti-T3 antibody, since modulation with 
other mAb (OKT4 and OKT8) did not alter PHA rcspoiKive- 
ness. This suggests that the amount of surface T3 is a critical 
variable in PHA activation. Bxtensbn of tikis observation 
should prove helpful for understandhig the threshold reqmre- 
ments of membrane signalKng Uiat result in T cell activation. 
Further, these observations exchide the T4 and T8 molecules 
as functionally associated with the T3 complex. 

Other investigators have shown that modulation of the 13 
molecule can decrease the response of T cells to mitogens [16] . 
Our immunofhiorescence data extend these findings to indi- 
cate that the effect of modulation on PHA responsiveness is 
specific for the molecules that comprise the T3 complex. 
Neither our data, the previously published functional oofre- 
iates, nor the rcccntiy described PHA-mediated cross-block- 
ing of anti-T3 antibody reactivity with lymphocytes pTJ pro- 
vide unequivocal evidence for direct binding Of THA to the T3 
complex. To address this issue, we jnununoprecipitated the T3 
complex of two tumor T cell lines, Molt-3 and HPB, and sub- 
sequently analyzed the precipitates by unmunoblotting using 
either anti-T3 antibody or PHA, Preltrainaiy controls estab- 
lished that all four polypeptide speocs associated with the T3 
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TaUc 1. Mo^olHtion of but&cc T3 complex decreases the ptroliTera* 
tive response of purified T ceQs to FHA 




a) FUrifiedpenplieTa]T cells vr«remodalated with inedhim or inAb 
64.1, or a mixtuTe (1 : 1) <rf mAb OKT4 and OKI? as described la 
Sect. 2A, All data are fi<m one Tcpresentative experimenL 

b) FoUowmg modulation, dcUs were stained with 64.1 and a flaoies- 
ceinated aDti-mouse antibody* and then were analyzed in the . 
FACS. 

c) Median flnorescence intensity of positive ceQs as established by 
FACS analysis. 

d) An aliquot of cells was incubated witb 2% FHA and SO ng^ml 
PMA for 1 b, washed and then cultured for three days. Respon- 
siveness was measnred by pH)thymidinc uptake (see Sect. 2.6). 



c^mpiex were present in these preparations on both gels and 
blots (Rg. 1). Pig. 2 cleaiiy shows a 20-lcDa band identified by 
the aati-T3 antibody 64.1 (lane 1) tb&t migrates identicany as 
the 20-kI>a band torn the two T cell lines recognized by PHA- 
(lanes 2 and 3). Importantly^ this precipitated 2Q-kDa spedes 
was never found in B cell pxedpitates (lanes 6 and 7), nor was 
it seen in precipitates made from the unrelated antibodies 
0KT4 and OKT8 (lanes 4 and 5). T^ie T3 molecules on the 
tumor T cell Kne HPB are identical to those of peripheral T 



cells as determined by gel electrophoresis and pepdde map 
analj^s [28]. Antibody 64.1 reoogmzes 63% of Molt-3 and 
87% of HPB cells by indirect imnmnofiuorescence. Both the 
T4 and T8 molecules were precipitated in HPB lysates. 

PHA also bound a 4McDa molecule in both T and B cell 
precipitates. The characteristics of this band were ccMisistent 
with actin or protein A, as judged by molecular weight and 
reacttvity with an anti-actin antibody. B cell byaates also had a 
higher molecular weitght band recognized by PHA whose 
molecular wei^t is consistent with the heavy chain of IgG. 
The tiding of PHA to B cells has been established [^}. 

An imresolved issue remains whether anti-T3 antibodies rec- 
ognize 8 detemuoant common to all the members of, 'the T3 
complex, or rather bind to only one of the components, and 
co-prec^iitate associated molecules. The data in Fig. 2 intS- 
cate that under our experimental ooncfitions mAb 64.1 reacts 
primarily with the 20*kDa component of the c9nzpIeK. This 
supports tfae notion that the 13 reactive antibodies may indeed 
Und prefisrendally to one component of the T3 complex. This 
suggests that: (a) the three members of the T3 complex and 
poKibly the antigen-spedfic heterodimer interact strcmgly 
enongh (via actin?) to survive precipitation procedures; (b) 
the 20-kDa proteia may be present in greater;- antounts tt^ 
the other parts of the T3 complex, or (c) the' epitope recog- 
nized by 64.1 is more stably expressed under these conditiois. 
Bxcludh^ the last pos^bitity, immunopredpitation defines the 
20-kDa species as the molecule with which the antibody would 
have the greatest interaction. 

As noted, the T3 molecular complex is noncovalently associ- 
ated on the T ceD surface mOi the antigen receptor 
heterodimer [12]. Since the receptor proteins have gjyco^- 
tion sites, the possibility exists that PHA or other lectins may 
mediate their mitogenlc effects by bbding to both T3 and 
receptor molecules. This toterpretation is consistent with 
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figure!. Immnnopiedpitates of the 
T3 com^dex are present on both gels 
and blots. HPB cells were surface 
labeled with ^ vsing the 
cUoranune-T method (lodobeads. 
Fierce Chemical Co., Hockford, IL). 
Cells were washed, lysed and im- 
tnunopTccipitated usmg 0KI3 and 
nonstringcnt conditions, as de- 
scribed in Sect. 2.7. Comparison of 
surface^abeJed material on gels 
(lane 1) and blots (lane 2) showed 
the characteristic polyp^des (20, 
28, 44 and SO kDa) to be present (ar- 
rows). B cell controls appoax <m top. 



42KD^ 



Figure 7, FHA recpgnizBS the 20-kDa molecules immunoprcdpitated 
by antibodies against the T3 complex. Lysates from the tamor T oell 
lines MoIt-3 and HPB or from B cell lines were precipitated with mAb, 
and the irnmunu pr e ci pi tates were electrojriioresed and then atKilyzed 
by immunoblotting. The lanes are identiOed as follows 



Lane 



Centysate 



MQh-3 

MoIt-3 

HPB 

Molt-3 

Mo]t*3 

B cdb 

Bcells 



Predpttating 
reagent 

OKT3 + 64.1 . 
OKT3 + 64.1 
OKT3 + 64.1 
OKT4 + OKT8 
OKT4 + OKT8 
OKT3 + 64.1 
OKT3-f64-1 



Developing 
rcagem 

64.1 
PHA 
PHA 
64.1 
FHA 
64.1 
PfFA 
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lecent data by Weiss and Stobo [30j that describes mutants 
with cooidiaant decrease or absence of both receptor and T3 
molecules. Conceivably, activation would then result wtien 
cross-linking of the T3 and receptor complex by the multiva- 
lent lectin established a necessary propinqoity. Broadly reac- 
tive antibodies to the antigen receptor on T cells wai provide 
the needed probe to answer question. 

These findings established the djie ct bin^Hnaof PH A to ttie 2(k 
kPa T3 polypeptide in T3 pf^initate^ . Thev do not direcUY 
slStWibat the bindipg may occur to the complex as it is seen on 
the Toell, nor do they require, if PHA does stimulate throught 
the T3 complex, that this complex is the on^y mechanism by 
which T cells may be activated. Considering^ however: (a) 
when the 13 (^rylex is decreased or a bsent, mitogen 
itsfanses areconcurrentiy oecrcasea or at?sent . (b) the abflity 
of monodonal antibodies specifically drected'against the T3 
complex to activate T cells, (c) the reported cn>s»-blocfcing of 
antibodies against the T3 complex by PHA as seen by 
immunofhioiescence [27], and (d) the ability of the mitogen to 
bind to the 2Q-lEDa T3 molecule reported here, a rde for the 
T3 complex in T cell activation by mitogens is inescapable. 
Our data can be offered in the light of three ahetnatc activar 
tion mechanisms. First, that indeed PHA may activate T cells 
by dirert interaction with the T3 molecule. Second, the bind - 
ing of mitogen to numerous sites on the T stirfacc may 
^fed suttiaent membrane perruroapon lo 'P^^uce a calcium 
mtlux and generation ot diacylglyoerols. Tins, in tuin, 
"could the 13 complex ana enect activation. Third, the 
mitogen may bind to other activation molecules CTll?) having 
functional linkage with the T3 comi^ex, We suggest that none 
of the above mechanisms need be exclusive. 
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